BMP4 signaling regulates formation of Hertwig's epithelial root sheath during tooth root development.
Although Hertwig's epithelial root sheath (HERS) performs an important function in the formation of the tooth root, the developmental mechanisms that control HERS growth and differentiation remain to be thoroughly elucidated. Bone morphogenetic protein 4 (BMP4), which is secreted by mesenchymal cells, acts on the dental epithelium as a regulator of cell differentiation during crown formation. In an effort to determine whether BMP4 specifically regulates the development of HERS in the dental epithelium, we assessed the localizations of BMP4, BMP receptor-IB (BMPR-IB), and BMPR-II during molar root formation in the mouse. HERS cells were shown to express BMPR-IB and BMPR-II. BMP4-positive cells were detected densely in the dental papillae around HERS, thereby suggesting that BMP4 participated in HERS formation. Beads soaked in BMP4, NOGGIN, or phosphate-buffered saline (PBS) were implanted into the pulp cavity under culture conditions, and the length of HERS was evaluated with regard to the proliferating cells. After 12 h, both groups exhibited a similar HERS developmental pattern, with the length and shape of HERS bearing a close resemblance to one another. However, after 48 h, the observed HERS elongation was significantly shorter in the BMP4-treated group. In addition, proliferative cell nuclear antigens were detectable only in the NOGGIN- and PBS-treated groups. These findings demonstrate that mesenchymally expressed BMP4 regulates HERS development by preventing elongation and maintaining cell proliferation. BMP4 may, therefore, prove useful as a root-formation regulatory agent in a variety of tissue-engineering applications.